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(71) We, KURARAY CO. LTD., a 
body corporate organised and existing under 
the laws of Japan, of 1621 Sakazu, Kurashiki- 
City, Japan, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

The present invention is concerned with 
rubber compositions based on synthetic cis- 
1,4-polyisoprene reinforced with a white filler. 

Synthetic m-l,4-polyisoprene rubbers 
(hereinafter sometimes referred to as "IR") 
have excellent physical properties like natural 
rubber but they leave something to be desired 
on their properties. For example, a vulcanizate 
of IR incorporating a white filler shows low 
modulus (stresses at elongation). 

Although a pure gum composition of IR' 
differs somewhat in its vulcanization speed in 
comparison with natural rubbers, there is 
scant difference in the respective moduli 
attained (stresses at 300% elongation). How- 
ever, IR vulcanizates compounded with a 
white filler show a lower modulus than natural 
rubbers, so that the former are in general 
softer than the latter. This softness of IR vul- 
canizates compounded widi a white filler is 
useful in some applications but a defect in 
in others. Therefore the use of the IR vulcan- 
izate is limited 

In the case of a composition of IR com- 
pounded with carbon black, it is possible to 
improve the modulus of a vulcan- 
isate to an extent equal to that of 
natural rubbers by such means as increasing 
the amount of vulcanizing agent, selecting a 
suitable type of the carbon black or increasing 
slightly the amount of the carbon black to be 
mixed with the: IR. However, in the case of 
a composition of IR compounded with a 
white filler, the modulus of the vulcanizate 
cannot be improved by the same method as 
effectively adopted in a composition of IR 
containing carbon black. For one reason, it is 
necessary to use considerable amounts of vul- 
canizing agents and vulcanizing auxiliaries, 



inevitably resulting in the marked deteriora- 
tion of the other desirable physical properties 
oflR. r ^ 50 

It has now been discovered that the modulus 
of an IR vulcanizate containing a white filler 
can be notably improved by using IR having 
bound maleic anhydride or a derivative of it in 
the molecule in combination with a white 55 
filler. In accordance with the present inven- 
tion, there is provided a reinforced rubber 
composition comprising a synthetic cw-1,4- 
polyisoprene of a rubber having from 0.01 to 
15 molar per cent of bound maleic anhydride 60 
or a derivative thereof in the rubber polymer, 
and a white filler, in which the filler is calcium 
carbonate, aluminium silicate, silica, mag- 
nesium carbonate, calcium magnesium car- 
bonate, magnesium silicate, magnesium oxide, 65 
calcium silicate, hard clay, soft clay, calcined 
clay or a mixture of two or more of them. 

The rubber compositions of this invention 
shown not only a modulus not inferior to that 
of natural rubbers but also an excellent im- 70 
provement in mechanical properties, such as 
tensile strength and tear resistance, and 
dynamic properties, such as resistance to flex 
cracking, in comparison with those of ordinary 
IR. 9 75 

The modified IR containing the bound 
maleic anhydride in the polymer can be pre- 
pared by reacting maleic anhydride with syifc- 
thetic cw-l,4-polyisoprene. If necessary, a free 
radical-yielding catalyst or a solvent may be 80 
used in this reaction. For example, the reac- 
tion can be effected by adding maleic an- 
hydride and a free radical-yielding catalyst 
to a solution of IR, and heating the resultant 
homogenous solution under an atmosphere 85 
of an inert gas. The reaction in a homogenous 
solution system may be carried out by using 
as a solvent aromatic hydrocarbons (e.g. ben- 
zene, toluene or xylene) or aliphatic hydro- 
carbons (e.g. n-hexane or n-heptane). The 90 
reaction can be effected without free radical- 
yielding catalysts. Alternatively, a solid-state 
reaction of IR with maleic anhydride can be 
effected by mixing IR and maleic anhydride 
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in a milling machine such as roll mill or 
Banbury type mixer. The production of such 
a modified IR is described in U.S. patent No. 
2,662,374 and U.K. patents Nos. 1,119,629 
and 1,204,730. 

Aialeic anhydride derivatives suitable for 
use m the modified IR in the present invention 
include maleic acid, metal salts of maleic acid, 
maleic acid esters, maleic acid amides and 
maleic acid imides. The modified IR having 
bGund maleic anhydride derivatives may be 
produced by various methods. For example, 
the bound maleic anhydride in IR can be con- 
verted into mono ester or di -ester form, 
amide form or imide form by reacting the IR- 
maleic anhydride adduct obtained in a manner 
described above with alcohols such as 
methanol, ethanol and w-butanol or amines 
such as ammonia, «-butyl amine, £-butyI 
amine, allyl amine, di-K-butyl amine, mono- 
ethanol amine, diethanoiamine, triethylamine, 
tri-2-propanolamine and pyridine, if necessary, 
in trie presence of a catalyst such as f -toluene 
sulfonic aad. The bound maleic anhydride in 
IR can be converted into free acid form or 
acid salt form by hydrolysing the acid an- 
hydride group using acid or alkali. Alterna- 
tively, modified IR having bound maleic an- 
hydride derivatives may be produced by, for 
example, reacting IR with maleic acid esters, 
maleic acid amides or maleimides. 
^ A modified IR containing in the molecule 
ootii maleic anhydride and one or more of its 
derivatives may hejisecL. A.mixture,_o£ a .mod*- , 
fied iR containing maleic anhydride and a 
modified IR containing a derivative of maleic 
anhydride may also be used. The word 
maleic anhydride" is hereinafter used to in- 
clude the maleic anhydride derivative. 

The amount of maleic anhydride introduced 
into the IR, i.e. the bound maleic anhydride 
content, may be determined appropriately, 
according to the desired modulus of the vul- 
canizate, within the range 0.01 to 15 mol oer 
100 recurring units of isoprene monomer' in 
the IR, polymer. When the bound maleic an- 
hydride content is less than 0.01 molar per- 
cent, the desired effect cannot be achieved. 
When the content is more than 15 molar per- 
cent, the processability and other physical pro- 
perties of the resulting modified IR lower 
markedlv. A modified IR containing 0.03 to 5 
mol of maleic anhydride introduced per 100 
units of isoorene monomer in the IR polvmer 
is preferred for obtaining a composition show- 
in* a modulus equal to that of natural rubbers 
while keeping the excellent processability and 
physical properties of IR. A modified IR 
having a small eel content and containing 0.03 

9 ™ o1 of * e bound maleic anhvdride per 
100 units of isoprene monomer in the IR 
polymer is particularly suitable in the present 
invention. In the reaction for introducing 
maleic anhydride into IR, gelation generally 
takes place to give a modified IR having a 



higher gel content than that of the starting 
IK. The workability on roll of a modified IR 
having a high gel content is inferior, and this 
poor workability also lowers die physical 
properties of the product. A modified IR hav- 
ing a high gel content shows shrinkage during 
the calendering operation. So. it is most desir- 
able m this invention to use a modified IR 
with substantially no increase of gel content 
as compared with the starting IR, and having 
bound maleic anhydride content of 0 03 
to 0.9 mol per 100 recurring units of isoprene 
monomer. Because the rubber compositions 
containing a white filler prepared by using 
such a modified IR is the most excellent in 
total evaluation on modulus, processability 
ana other physical properties. Such a modified 
IR .containing 0.03 to 0.9 mol of maleic an- 
hydride per 100 recurring units of isoprene 
monomer and having substantially no in- 
creased gel content may be advantageously 
prepared by carrying out the reaction in an 
inert solvent under an atmosphere of an inert 
gas at a temperature of 0— 150°C using 
maleic anhydride and a free-radica!-yieldine 
catalyst under the following conditions- (A) 
the amount of maleic anhydride is in the range 
or 0.04 to 3 part by weight per 100 parts 
by weight of nigh c/s-l,4-poIyisor>rene rubber, 
(B) the value obtained from multiplication of 
[the amount of the free-radical-vielding cata- 
lyst expressed bv mflimol per 100 g of said 
c^h X fc^y* efficiencv] is in the range 
-tf-ftOlfrttrh&Sy ami" (C) the value cTOnr 
(B) is m the range of 0.24 to 24.2. 

The term "gel" in this invention denotes a 
benzene-insoluble portion that can be filtered 

^ ™ ^ s mter havin S a P ort diameter 
of 20 to 30.a. 

The term "synthetic czs-l,4-polyisoprene 
niDbcr" in the present specification means a 
polymer having a as- 1,4 content of at least 
80% which can be prepared by polymerizing 
isoprene in the presence of a Ziegler catalyst 
or anionic catalyst If evaluated on the whole 
physical properties, it is preferable to use IR 
having a or-1,4 content of at least 95%. 

More specific examples of the white filler 
used in this invention are precipitated calcium 
carbonate, ultra-fine activated calcium car- 
bonate, hard clay, soft clay, calcined clay, 
hydrated silica and anhydrous silica. The 
white filler may be used in admixture with a 
small amount of carbon black. The white 
filler may be used in an amount in the 
range of 5 to 250 parts by weight, favorably 
20 to 150 parts by weight per 100 parts by 
weight of the modified IR having bound 
maleic anhydride. In addition to the white 
filler, other conventional compounding ingre- 
dients for rubbers such as vulcanizing agents, 
vulcanization accelerators, zinc oxide, stearic 
acid, extender oils and antioxidants may of 
course be added to obtain the desirable vul- 
canizates. 
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The modified IR having bound maleic an- 
hydride may be used singly or in combination 
with other rubbers such as conventional IR, 
polybutadiene rubbers, styrene-butadiene co- 
5 polymer rubbers and ethylene-propj'lene co- 
polymer rubbers in the rubber composition of 
this invention. Vulcanization may be effected 
with heat in the presence of vulcanizing 
agents such as sulfur, sulfur compounds and 
10 peroxides, and vulcanization accelerators. 

The present invention is illustrated in the 
following examples. 

Example 1. 
Cts-l,4-polyisoprene rubber having ds-1,4 

15 content of 98%, an intrinsic viscosity of 3.7 
dl/g measured at 30°C in toluene and a gel 
content of 2%, was prepared by polymerizing 
isoprene with a Ziegler type catalyst. Said 
rubber is hereinafter referred to as "IR(A)". 

20 To a solution of IR(A)(210 g) in xylene 
(7 lit.), maleic anhydride (hereinafter re- 
ferred to as "MAn") and benzoyl peroxide 
(hereinafter referred to as "BPO") each in 



a prescribed amount were added according to 
Sample Nos. A to F of Table 1 below, and 25 
the resultant mixture was stirred at 100° C for 
3 hours in a nitrogen atmosphere. The reaction 
mixture was poured in to a large amount of 
acetone, and ithe precipitated polymer was 
dried to give maleic anhydride-IR(A) adducts 30 
(Samples A to F in Table 1). No production 
of a gel was observed in Samples A to D but 
gel contents of 21% and 53% were observed 
respectively in Samples E and F. 

Using Samples A to F, starting IR(A) and 35 
natural rubber, compositions containing pre- 
cipitated calcium carbonate were prepared 
by a 6-inch roll mill according to the com- 
pounding recipe shown in Table 2 below. As 
is clearly shown in Table 1, the precipitated 40 
calcium carbonate composition of IR(A) hav- 
ing the bound maleic anhydride showed a 
marked improvement in the modulus (M 300) 
in comparison with that of the starting IR(A), 
even with the content of maleic anhydride of 45 
only about 0.1 mole per 100 units of isoprene 
monomer. 



TABLE l 



Sample 
No. 


Amount of BPO 
in % by weight 
for the rubber 


Amount of MAn 
(phr) 


Bound MAn 
content* 


M300** 
(kg/cm 2 ) 


A 


0.004^ 


0.04 . 


0.02 


27 


B 


0.1 


0.45 


0.09 


35 


C 


0.05 


0.65 


0.21 


40 ; 


D 


0.15 


1.2 


0.41 


43 


E 


0.08 


9 


0.82 


56 


F 


0.11 


12 


1.25 


70 


IR(A) 








22 


Natural 
rubber 








40 



Note. *) Measured by titrating a solution of the sample in benzene with a solution 
ol sodium hydroxide m meihanol/benzene mixture T Mol number of MAn 
bound per 100 units of isoprene monomer. 

Stresses at 300% elongation (vulcanized at 145°C for 30 minutes), 25°C 
tension^speed 50 cm/min. 
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Rubber 


100 nart<? hv w^ifrVit 


Precipitated calcium carbonate 




Zinc oxide 


5 


Stearic acid 




Accelerator DM 1) 


1 


Accelerator DT 2) 


0-3 „ 


Sulfur 


3 


Antioxidant NS-6 3) 


1 



2) Diorthotolyl guanidine. 

3) 2,2'-MethyIenebis(4-methyl-6-tert-butylphenol). 
The detailed physical properties of the vul- hvHriH^ w „«. ■ 

canizates prepared from Sample D and the £ l^H ^ 7 ""f 1 but 
starting IR(A) are shown the Table. 3 "g l^w^T* 1 ' ? ar reS1Stance 

JfT™^f * ogI " zed Sn* 6 ^, ^ ple 3* 55SS iR?A? ckmg ,n comparison 

D (IR(A) having the bound maleic an- 5 v »"-->' 

TABLE 3 



10 





Vulcanization 
time (min) 
(145°C) 


Sample 
D 


IR(A) 


Stress at 300% elongation 
(kg/cm 2 ) 


20 
30 


41 
43 


21 
22 


Tensile strength (kg/cm 2 ) 


20 
30 


249 
256 


190 
196 


Elongation (%) 


20 
30 


670 
680 


700 
710 


Tear resistance (kg/cm) 


20 
30 


40 
39 


25 
24 


Hardness (JIS A) 


20 
30 


53 
54 


51 
52 


Resistance to flex-cracking 
by DeMattia tester (Flex 
number required for growing 
from 2 mm to §nm) (ASTM 
D 430-59 Method B and 
ASTM D 813-59) 


20 
30 


2.5xifj 4 
2.2xl0 4 


0.9*10 4 
0.8x1 0 4 



. Physical properties were measured accord- 
ing to the Rule of JIS K 6301. 

Example 2. 
Using Sample B, Sample D, IR(A) and 



the natural rubber used in Example 1, vul- 
canizates containing hydrated silica were pre- 
pared using the ingredients described in 
Table 4. 



5 
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Rubber 


100 parts by weight 


Hydra ted silica 


45 


Zinc oxide 


5 


Stearic acid 


3 


DHA 1} 


3 


Accelerator DM 


1 


Accelerator D 2 ) 


0.3 


Sulfur 


2 


Antioxidant NS-6 


1 



i.) i-'ipnenyiguaniaine. 

Vulcanizing condition: 145°C, 25 minutes. 

Physical properties cf the vulcamzates ob- Sample B and Sample D showed a marked 5 

T£J*Z TTfk X™ dear *? Table ^P™*** on M 300 and Sme im£*2 
5 that the hydrated sdica composition of ment in the tensile strength. ^ 

TABLE 5 



Sample 
No. 


M300 
(kg/cm 2 ) 


Tensile 
strength 
(kg/cm 2 ) 


Elongation at 
break (%) 


B 


53 


280 


610 


D 


100 


292 


500 


IR(A) 


29 


270 


650 


Natural 
rubber 


50 


278 


620 



10 Using Sample ftiSnL c ntfAl a W>> nibbcr, mlomizaies oon- 



TABLE 6 



Rubber 


100 parts by weight 


Dixie clay 


75 


Zinc oxide 


5 


Stearic acid 


3 


D H A 


1 


Accelerator DM 


1 


Accelerator D 


0.3 „ 


Sulfur 


2 


Antioxidant NS— 6 


1 



-Note: Vulcanizing condition: 145°C, 25 minutes. 

m2ffi rion of invention show ^d a markedly 

measured. As shown m Table 7, the composi- exceUent result 

TABLE 7 



Sample No. 


M300 (kg/cm 2 ) 


B 


93 


C 


124 


C+IR(A) Blend in 
same amount IR(A) 


81 
40 


Natural rubber 


110 



10 



15 



20 



Example 4. 

Cis-! 5 4-po!yisoprene~ rubber having cis- V 
content of 98% and an intrinsic visocosity V 
4.2 dl/g measured at 30°G in toluene, which 
was prepared by polymerizing isoprene with 
a Ziegler type catalyst. Said rubber is herein- 
after referred to as "IR(B)". 

IR(E)(1 kg) and maleic anhydride (1.0 
phr or 2.3 phr) were milled using a small 
scale Banbury mixer. Operating conditions 
ot tiie mixer were as follows: revolution^ 
speed of 115 r.p.m.; initial temperature of 
75 and milling time of 7 minutes. The 
thus obtamed IR(B)-maIeic anhydride adduct 



(of which adduct obtained by reacting 1.0 
phr of maleic anhydride with IRfB) was desig- 
nated Sample G and had a bound maleic 
anhydride conteni of 0.47 moie percent and 
the adduct obtained by reacting 2.5 phr of 
maleic anhydride with IR(B) was designated 
Sample H and had a bound maleic anhydride 
content of 1.28 mole percent) was com- 
pounded by a conventional 8-inch roll mill 
according to the composition of Table 8 and 
vulcanized at !45°C for 35 minutes. 

As shown in Table 9, the physical properties 
of the vulcanizate were greatly improved. 



25 



30 



7 



1,404,291 
TABLE 8 



7 



Rubber 


100 parts by weight 


Precipitated calcium carbonate 


75 


£inc oxide 


5 


Stearic acid 


3 


DHA 


1 


Accelerator MSA^ 


1 


Sulfur 


2 


j Antioxidant MS-6 


1 



Note: 1). N-(benzothiazol-2-ylthio)morphoIine. 

TABLE 9 
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15 



20 



25 



Sample 
No. 


Amount pf 
MAn added 
initially " 
(phi) 


M300 
(kg/cm 2 ) 


Tensile 
strength 
(kg/cm 2 ) 


Elongation 
at break 
(%) 


G 


1.0 


52 


190 


470 


H 


* TS * 


IW 


183 


510 


IR(B) 




25 


172 


700 



Example 5. 

To a solution of Sample D (150 g; used 
in Example 1) in benzene (5 lit.), methanol 
(0.8 lit.) was added and the mixture was 
refluxed for 3 hours in a nitrogen atmosphere 
to esterify the bound rnaleic anhydride in 
IR(A). The reaction mixture was poured into 
a large amount of methanol to precipitate the 
polymer, which was dried to give Sample J, 

In another procedure, 10% hydrochloric 
acid (10 ml) was added to a solution of 
Sample D (150 g) in benzene (5 lit.), and 
then the resultant mixture was refluxed with 
stirring for 3 hours to hydrolyse ithe bound 
maleic anhydride. The reaction mixture was 
poured into a iarge amount of methanol to 
precipitate the polymer, which was dried to 
give Sample K. 

The compositions were prepared using said 
two samples according to Table 2 and vul- 
canized at 145 °C for 45 minutes. Sample J 
showed a M300 of 41 kg/ cm 2 , and Sample 
K showed a M300 of 50 kg/cm 2 , whereby a 
marked improvement on the modulus was 
achieved in comparison with that of .the 
starting IR(A). 



WHAT WE CLAIM IS: 

1. A reinforced rubber composition com- 
prising a synthetic as-l,4-poiyisoprene rubber 
as herein denned having 0.01 to 15 molar per 
cent of bound rnaleic anhydride or a deriva- 
tive thereof in the rubber polymer, and a 
white filler, in which the filler is calcium car- 
bonate, aluminium silicate, silica, magnesium 
carbonate, calcium magnesium carbonate, 
magnesium silicate, magnesium oxide, calcium 
silicate, hard clay, soft clay, calcined clay, 
or a mixture of two or more of them. 

2. A composition as claimed in Claim 1, 
in which from 5 to 250 pans by weight of the 
white filler is present per 100 parts by weight 
of the rubber plus maleic anhydride or deriva- 
tive thereof. 

3. A composition as claimed in Claim 2, 
in which from 20 to 150 pans by weight of 
the white filler is present per 100 parts by 
weight of the rubber plus maleic anhydride or 
derivative thcrof . 

4. A composition as claimed in Claim 3 that 
has been vulcanized. 

5. A composition as claimed in any preced- 
ing claim, in which the white filler is calcium 
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carbonate, alummium silicate and/or silica 

6. A composition as claimed in any preced- 
ing claim, in which from 0.03 to 0.9 mol of 
the bound maleic anhydride or derivative 
thereof is present per 100 recurring units of 
isoprene monomer in the polyisoprene 

7. A. composition as claimed in any preced- 
ing claim, m which the derivative of maleic 
anhydride is maleic acid, a malec acid ester, 
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a maleic acid amide or a maleic acid imide. 10 
8. A composmon as claimed in claim 1 

For the Applicants. 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 & 10 Staple Inn, 
London WC1V 7RD. 



